Abstract: Strong THz pulses induce pronounced nonlinear optical effects in a QW microcavity, resonantly driving exction-polariton polarizations coupled to an optically dark 2p-exciton polarization. The coherent coupling between the polarizations dephases within a few picoseconds.
We investigate the quantum dynamics of exciton-polariton coherences in a QW microcavity driven by strong THz pulses. We generalize the study of intra-excitonic transitions in bare QWs [1, 2] to THz spectroscopy in microcavities, including polaritonic effects. Our experimental observations and theoretical analysis show that a resonant THz field couples the optically induced exciton-polariton coherences to the dark 2p-exciton state while direct dipole-transitions between the two polariton modes are forbidden. These results indicate that the lower and higher exciton-polariton (LEP and HEP), together with the 2p-exciton-polarization state, constitute a three-level system [3] . This polaritonic system is unique and significantly different from the usual atomic system where all levels are matter states while all transitions are provided by light. In our case, only the highest 2p state is a pure matter state whereas the LEP and HEP are mixed light-matter coherences. This scenario offers new coherent control possibilities because one can switch the polaritonic LEP and HEP states with optical fields while applying THz fields to perform simultaneous transitions. Our results indicate that the novel system is robust enough to perform stimulated Raman adiabatic passage (STIRAP) in a semiconductor microcavity by using two-color nonlinear THz spectroscopy.
As schematically shown in Fig. 1a , we experimentally observe the time-resolved optical reflectivity of the LEP and HEP modes in a QW microcavity in the presence of strong few-cycle THz pulses produced by type-II difference-frequency generation. We focused the THz pulses on a QW microcavity sample and measured its optical reflectivity spectra with weak 830-nm, 100-fs optical pulses while varying the relative time delay ( t) between the THz and optical pulses. excitation quenches dominantly the HEP resonance (Fig. 1b) , while the THz pulses tuned to 1s-2p create only small changes in the LEP and HEP spectra. When the THz frequency was increased to LEP-2p = 2.4 THz, the reflectivity was changed significantly only at the LEP. These observations clearly show that the LEP, HEP, and 2p-levels form a three-level system. Figure2 shows the temporal evolution of the exciton-polariton reflectivity when the THz excitation is tuned near to the LEP-to-2p transition at c = +0.41 THz. The principal -like operation is well explained by the theory. As expected for a system response, the THz field predominantly bleaches the LEP. It is also notable that the temporal evolution is not symmetric for the HEP and the LEP branches. For example, the strongest THz-induced modulation occurs between the time delays of 0.0 and 0.5 ps, and the spectral modulation at t =2 ps is stronger than that at t = -2 ps. The temporal asymmetry results mainly from the coherent transients: at positive time delays up to several picoseconds, the THz pulse perturbs the coherent polariton modes inducing the spectral modulations to the optical reflectivity, while they make no impact on the polariton modes at negative time delays. In our recent work using broadband THz pulses, we have observed coherent transients of exciton-polaritons, having quantum beats of the intracavity light-matter coupling visible and showing its time evolution.
In conclusion, our study demonstrates that strong THz pulses resonantly drive the transitions from the LEP and the HEP levels to the optically-forbidden 2p-exciton states in a QW microcavity. The theoretical analysis confirms that the strongly coupled light-matter system forms a three-level Λ system consisting of LEP, HEP, and 2p-exciton states. The temporal evolution of the THz-induced spectral modulations of the exciton-polariton modes is asymmetric due to the coherent transient effects. In this time range, the THz pulse perturbs the coherent excitonpolariton polarizations which persist for several picoseconds.
